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Introduction
• Absorbing + Damping Multifunctional Fibrous Material[1],[2]
[1] Y. Xue and J. S. Bolton, “Microstructure Design of the Lightweight Fibrous Material Acting as a Layered Damper for a 
Vibrating Stiff Panel,” J. Acoust. Soc. Am., 143(6), 3254-3265 (2018), available at https://doi.org/10.1121/1.5038255.
[2] Y. Xue and J. S. Bolton, “Fibrous Material Microstructure Design for Optimal Structural Damping,” J. Acoust. Soc. Am.,
143(3), 1715, presented at the 175th ASA Meeting, Minneapolis, MN, May 2018. Associated presentation available at 
https://docs.lib.purdue.edu/herrick/176.
SEM – Glass Fibers SEM – Polymeric Fibers
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Line-driven Unconstrained Panel Convection-driven Constrained Panel
[3] S. Nadeau, Y. Champoux and L. Mongeau, “Trim and Floor Influence on Vibrational Response of an Aircraft Fuselage Model,”
Journal of Aircraft, 36(3), 591-595 (1999).
[4] B. C. Bloss and M. D. Rao, “Estimation of frequency-averaged loss factors by the power injection and the impulse response 
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• Models
• Modeling target: fuselage-like structure[3]
• System loss factor evaluation: Near-Field Damping (NFD) Model[1],[2]
and Power Injection Method (PIM)[4]
Modeling
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At 𝑧 = 0
Line
force Convective pressure
Reaction forces due to constraints
Fibrous layer – limp
• Fibrous layer is assumed to be limp
• Fiber solid material densities: 𝝆𝒈𝒍𝒂𝒔𝒔 = 𝟐𝟕𝟑𝟎	𝐤𝐠/𝐦𝟑, 𝝆𝒑𝒐𝒍𝒚𝒎𝒆𝒓 = 𝟗𝟏𝟎	𝐤𝐠/𝒎𝟑
e.g., a layer of glass 
fibers













• General comparison in a 
unconstrained layered structure
Ø Fixed flow resistivity, microstructure 
and thickness, increasing weight
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Glass Fibers vs.
Polymeric Fibers
e.g., a thin layer 
of glass fibers
e.g., a thick layer of 
polymeric fibers










• General comparison in a 
unconstrained layered structure
Ø Fixed flow resistivity, microstructure 
and basis weight, increasing thickness
Glass Fibers vs.
Polymeric Fibers
e.g., a layer of
sparse, coarse
glass fibers
e.g., a layer of dense,
fine polymeric fibers
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• General comparison in a 
unconstrained layered structure
Ø Fixed basis weight and thickness, 















5 cm x 5 cm (ml = 6.75 kg/m, Jl = 0.0028 
kg∙m) are evenly distributedalongthe
panel with separationof 1 m
x
z
Driven by a subsonic 
(Ma=0.8) pressure wave 
Driven by a sonic 
(Ma=1.0) pressure wave





3 mm Al 
Panel
Fibers: 3 cm, 20000 Rayls/m, 10 kg/m3
𝑥 = −0.5 𝑥 = 0.5𝑥 = −1.5 𝑥 = 1.5
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Convective pressure wave excitation
Fuselage Structure 
Frequency Response
fcv = 2575 Hz
fc = 4008 Hz
Subsonic (Ma=0.8) pressure excitation 
fcv =5772 Hz
fc = 4008 Hz
Supersonic (Ma=1.2) pressure excitation 
• Observation at x = 0.11 m
• Vibration peaks below fc were 











3 mm Al 
Panel
Fibers: 3 cm, 20000 Rayls/m, 10 kg/m3
𝑥 = −0.5 𝑥 = 0.5𝑥 = 1.1
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Fuselage Structure 
Frequency Response
Subsonic (Ma=0.8) pressure excitation Supersonic (Ma=1.2) pressure excitation 
• Zoom into 100–1000 Hz to see 
the peak reduction
• Choose the peak at f = 794 Hz











3 mm Al 
Panel
𝑥 = −0.5 𝑥 = 0.5𝑥 = 1.1
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Fibers: 3 cm, 20000 Rayls/m, 10 kg/m3
Fuselage Structure 
Spatial Response
Subsonic (Ma=0.8) pressure excitation Supersonic (Ma=1.2) pressure excitation 
• About 10 dB reduction of 
vibration can be achieved at 










3 mm Al 
Panel
𝑥 = −0.5 𝑥 = 0.5
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Fibers: 3 cm, 20000 Rayls/m, 10 kg/m3
Fuselage Structure 
System Loss Factor
Subsonic (Ma=0.8) pressure excitation Supersonic (Ma=1.2) pressure excitation 
• Similar trend can be observed as for 
the unconstrained structure
• New finding: the loss factor was 
overestimated in the paper because 
2 constraints were considered there 










3 mm Al 
Panel
𝑥 = −0.5 𝑥 = 0.5
fcfc
e.g., a layer of
sparse, coarse
glass fibers
e.g., a layer of 
dense, fine
polymeric fibers
e.g., a layer of
sparse, coarse
glass fibers
e.g., a layer of 
dense, fine
polymeric fibers
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Fibers: 3 cm, 20000 Rayls/m, 10 kg/m3
Glass Fibers vs.
Polymeric Fibers
– finding optimal fiber radius
Subsonic (Ma=0.8) pressure excitation Supersonic (Ma=1.2) pressure excitation 
• Glass fiber (with higher solid material 
density) would need a smaller fiber size 
than polymeric fiber to achieve the 
optimal* damping performance











3 mm Al 
Panel
Fibers: 3 cm, 10 kg/m3
𝑥 = −0.5 𝑥 = 0.5
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* Fiber size was optimized to achieve the largest damping for certain frequency & panel of interests
CONCLUSIONS
v Lightweight fibrous damper parametric study on bulk properties
Ø With limited space and the same microstructure, making the fibers from heavier solid 
material (e.g., glass) will improve the low frequency damping
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CONCLUSIONS
v Lightweight fibrous damper parametric study on bulk properties
Ø With limited weight and the same microstructure, a thin layer of heavy (e.g., glass) 
fibers gives better low frequency damping, while a thick layer of light (e.g., 
polymeric) fibers gives better high frequency damping
Inter-Noise 2018, Chicago, IL 15
CONCLUSIONS
v Lightweight fibrous damper parametric study on bulk properties
Ø With limited space, limited weight and by changing microstructures, a layer of sparse, 
coarse heavy fibers is better at reducing low frequency vibration, while a layer of 
dense, fine light fibers is better at reducing high frequency vibration
Inter-Noise 2018, Chicago, IL 16
v Lightweight fibrous damper parametric study on microscopic properties
Ø Relatively large fibers are effective at damping low frequency vibration (for line-
driven unconstrained panel and convection-driven constrained panel)
Ø Elastic fiber would allow a larger fiber size than limp fiber to achieve optimal 
damping performance – adding stiffness benefits both manufacturing and overall 
damping (left)[2]
Ø Heavy (e.g., glass) fiber would need a smaller fiber size than light (e.g., polymeric) 
fiber to achieve optimal damping performance (middle & right)
v Significant levels of damping can be achieved by properly designed fibrous treatment 
à multifunctional (absorbing & damping) fibrous layer saves weight, space and cost
CONCLUSIONS
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